Background: Young adults with end-stage kidney disease (ESKD) are at a pivotal stage of life: progressing through education, seeking employment and developing relationships. We set out to explore how ESKD impacts education and employment attainment in a matched UK and USA patient cohort. Moreover, we aimed to determine if there were significant differences in reported perceptions of impact.
INTRODUCTION
End-stage kidney disease (ESKD) is a rare but devastating diagnosis for a young adult, as the inability to maintain adequate renal function results in the requirement for dialysis or kidney transplantation. The appropriate management of ESKD in young adults is an increasingly critical issue, highlighted in particular by the threefold increase in ESKD diagnoses amongst individuals aged 10-29 years in the United States since 1980, with 76% of those between 20 and 29 years old (Ferris et al. 2015) .
LITERATURE REVIEW
Young adults are at a pivotal stage of life, when future career opportunities are shaped by academic or vocational qualifications and experience. The challenge of accepting and managing ESKD with the requirement for adherence to treatment, combined with the stress of adolescence, generates negative medical, social, educational and employment outcomes (Groothoff et al. 2005; Rocha et al. 2011; Murray et al. 2014) . Young adults with ESKD often report low self-worth, anticipate precarious futures and feel comparatively limited in physical and mental capacities compared with peers (Tong et al. 2013) .
In general, people with ESKD, find their health-related quality of life to be considerably reduced and those who present earlier appear to have worse outcomes (Gorodetskaya et al. 2005; Okubo et al. 2014) . Young adults who present with ESKD during childhood exhibit lower educational and social attainment in comparison with those who presented with ESKD as adults (Groothoff et al. 2002; Bawden et al. 2004; Lewis & Marks 2014) , resulting in grade retention, absenteeism and learning disabilities (Duquette et al. 2007 ).
There are important differences between the UK and USA health, social care and education systems. For example, in the United Kingdom, students are able to leave school at 16 years (before the end of high school), though remaining in an alternate form of education until the age of 18. In the United States of America, ordinarily students stay on in school until 18 years of age. Minimum school drop out age in Colorado is 17 years. In the United Kingdom, health care is state-funded whereas in the United States it is mainly provided through insurance plans.
AIM OF STUDY
We have previously reported the negative impact ESKD has on education and employment rates in young adults in Oxford, UK (Murray et al. 2014) . However, we wanted to explore whether similar themes were present in matched populations elsewhere. We therefore re-analysed data from Oxford and generated new data from patients in Denver, Colorado. By matching participants from each cohort and adopting the same study design across both centres, we were able to directly compare if young adults with ESKD in North America experience similar difficulties with educational and employment attainment as their UK counterparts.
METHODS
This is a mixed methods cross-sectional study combining quantitative and qualitative research methodology. Young adults (age 18-30) renal transplant recipients attending follow-up appointments in Oxford, UK (n ¼ 27) and Denver, USA (n ¼ 27) were matched for age, gender and age at transplant.
PARTICIPANTS AND RECRUITMENT
Participants were eligible for recruitment to the study if receiving renal replacement therapy and follow-up from a specialist nephrology service, connected to a tertiary teaching hospital institution. All participants had previously undergone renal transplantation. Participants were screened for inclusion by the consultant doctor (UK) or senior attending physician (US) primarily responsible for their care. For each individual, this clinician held a specialist interest in young-adult service provision and an in-depth knowledge of their case history.
Sampling according to pre-determined criteria of age, gender, ethnicity and renal replacement modality, facilitated representative samples, mirroring regional demographics of the population was undertaken. Information was curated from hospital archive systems.
Care was taken to ensure compatibility between each cohort. Following on from the Oxford study, the same eligibility criteria points were used in identifying candidates for the Denver cohort, following communication by the primary consultant in Oxford, to their Denver counter-part during study design.
Every participant was selected for recruitment by the same consultant doctor in Oxford and likewise, by the same senior attending physician in Denver. This ensured consistency in selection criteria application and decision-making. Appropriate eligible participants were invited to complete questionnaires. Following questionnaire completion, a representative subset were identified to undergo semi-structured interview.
Before invitation at either stage, participant choices were always independently approved by a second researcher, formally trained in advanced statistical methodology, with a complementary knowledge of the local study population.
Participation was invited where patients fulfilled criteria to form a representative sample. Participant encounters were sometimes arranged in advance, to coincide when patients were attending scheduled clinical appointments. In other cases, researchers visited chosen participants at home, at their convenience, to obtain questionnaire responses and in later cases, undertake interviews.
All interview participants had initially participated in the quantitative study questionnaire. However, not all interviewed participants were able to be included in the matched cohort for quantitative analysis, due to constraints of the formal matching process.
DATA COLLECTION

QUESTIONNAIRE
In both areas, each participant completed the same published and validated questionnaire (Murray et al. 2014) . Responses utilised 3-point Likert scales, evaluating satisfaction with education level or job content and the impact of ESKD on education and employment. Categorical data for matched pairs was analysed using McNemar's test for 2 Â 2 tables and Bowker's test of symmetry for those with more than two categories. In subset analyses, according to whether participants were or were not currently studying, exact chi-squared tests were used. All analyses were univariate.
Data were combined from the two centres using a REDCap database. Quantitative data from the Oxford cohort has been re-analysed from our previous study (Murray et al. 2014) ; the data from the Denver cohort is novel. Demographic information of participants whose data are presented in this study can be found in Table 1 .
INTERVIEWS
Qualitative methodology was designed and implemented to ensure COREQ compliance (Tong et al. 2007) . Qualitative interview participants from Denver were post-transplant with a subset currently dialysing, having been previously transplanted.
Semi-structured interview framework and content analysis replicated the Oxford study protocol (Murray et al. 2014) .
Quantitative Qualitative
Oxford: n (%) Denver: n (%) p-value Denver Total interviews n (%) Interviews contained a combination of pre-determined open questions, often followed by improvised closed questions, employed to elucidate further detail. This approach allowed us to comprehensively understand the chronology of a patient's medical history and experiences, pairing their illness trajectory with the subsequent impacts upon academic achievements and employment goals in parallel.
It was important to follow an established pattern of questioning, ensuring certain open questions were always asked, to guarantee an adequate and comparable breadth of topic coverage. This included questions pertaining specifically to patient's clinical background, educational career and employment history, as well as exploring general ideas regarding impact upon achievement, both negative and positive. This framework was established from pilot interviews in Oxford, later formalised into study protocol and replicated in Denver.
Trialling and following the Oxford protocol, three pilot interviews also took place in Denver. These interviews were successfully incorporated into final analysis. As part of the US structure, additional novel questions were amalgamated into established topic areas, facilitating appropriate coverage of USspecific issues. Most significantly, this meant unique financial and care access issues encountered by US patients were given appropriate credence. Through targeted questioning, we explored challenges encountered with insurance provision and restriction, as well as the varying issues of a differing educational infrastructure.
Sequential flow analyses delineated patterns of patient perceptions. Coding software was not used. Positive and negative themes were counted if mentioned as 'in general', 'education effect' or 'employment effect' and counted only once per interview, neutralising interpreter bias. A second researcher coded interviews independently and both researchers read the transcripts.
VISUAL ANALOGUE SCALE
The EuroQol visual analogue scale is a component of the EuroQol 5 dimensions questionnaire (EuroQol group 1990) used to measure health status. As a quantitative measure it was employed in this study to establish a baseline comparison of participants' health between the two cohorts studied. Participants were presented with a vertical scale ranging between 0 and 100, with 0 corresponding to 'the worst health you can imagine' and 100 corresponding to 'the best health you can imagine'. They are then asked to mark with a cross where on the scale they deem their current health status to be.
ETHICAL APPROVAL
All participants received written information in advance of providing consent. Ethical approval was obtained through dual application to the UK national clinical research ethics system and a nominated UK ethics committee 12/SC/0222 9th April 2012. In Denver, this study was reviewed and approved by the Colorado Institutional Review Board Proocol # 12-0757 2nd June 2013.
RESULTS
PARTICIPANT DEMOGRAPHICS
Participants from Oxford and Denver were matched for age, sex and age at transplantation (Table 1 ). Ethnicity varied due to Hispanic patients comprising 26% in Denver, resulting in a reduction in the proportion of white participants in Denver (56%) compared to 85% in the United Kingdom. Both cohorts reported similar EuroQol Visual Analogue Scale Health Scores, with mean (SD) of 83.2 (13.5) in Oxford compared to 78.9 (14.6) in Denver.
Twelve participants from Denver were selected for interview, being matched to interviewed patients from Oxford (Murray et al. 2014) . Seventy-five percent were male and 75% were white. All participants were post-transplant with two currently dialysing and a further nine having had dialysis previously since being diagnosed with ESKD (Table 1) . Table 2) . Thirty-one percent in Oxford and 42% in Denver were frustrated at being unable to achieve a higher educational level (p ¼ 0.51).
EMPLOYMENT FINDINGS
Sixty percent of non-student Oxford participants were employed compared with 41% in Denver (p ¼ 0.023) ( Table 2 ). Forty-four percent of Oxford compared with 52% of Denver patients reported their illness had made it more difficult for them to gain employment (p ¼ 0.88) (Figure 1 ). Furthermore, 52% of participants in Oxford and 44% in Denver believed employers are reluctant to hire young adults with chronic illnesses (p ¼ 0.93) (Figure 1 ). Nonetheless, only 12% in Oxford and 12% in Denver found it more difficult to carry out work when comparing themselves to their non-ESKD counterparts (p ¼ 0.99).
INTERVIEW FINDINGS (DENVER COHORT ONLY)
NARRATIVE PATIENT EXPERIENCES
Clear narratives emerged from patients interviewed: significantly that dialysis profoundly limits quality of life, with contributing factors including fatigue, lack of support and time management difficulties. One male participant remarked (Figures 2 and 3 , and Table 3 ).
'I couldn't work full-time . . . You're on dialysis 5 hours a day and when you aren't, you can't do anything else.' (Interviewee 6)
All participants had experienced marked dialysis-related fatigue and half of those consequently lost motivation, as one young man said 'It sucks the life out of you, you feel worthless, like you'll never do anything' (Interviewee 1) ESKD caused substantial time-management difficulties: The majority of interviewees reported significant time lost due to Chronic kidney disease (CKD) or dialysis. Participants also struggled with the unpredictability of health and wellbeing and half of the interviewees had suffered low mood as a result of their renal failure, with resultant social isolation. One young woman said 'I didn't have time or energy for a social life, also it's a lot to 'tell' [explain to] people ...' (Interviewee 11) Employment difficulties were also reported by some participants who described difficulty in finding work, as a result of their CKD or reluctance of prospective employers. More than half of those interviewed had lost work as a consequence of CKD/dialysis. The majority had to change their education plans or career ambitions as a direct result of CKD/dialysis.
Lack of understanding was a robust theme, with most describing a general lack of education/awareness about CKD, dialysis and effects amongst a range of family, friends and nonhealthcare professionals. Just under half of the young people interviewed reported a lack of support or understanding from friends and family, resulting in social isolation.
DISCUSSION
The most striking observation from this comparative study is the similarity between questionnaire findings amongst young adults with ESKD in both countries. There are also remarkable similarities when the qualitative findings from this study (Denver) are compared against our qualitative findings in the Oxford cohort (Murray et al. 2014) . Parallels occurred despite substantial health and social care system differences in the United States and United Kingdom.
ESKD and dialysis significantly undermined the perceived ability for young adults to succeed in education and employment, in both Oxford and Denver. These findings are in accordance with earlier studies in older adult ESKD populations demonstrating that ESKD impacts adversely on employment opportunities (Groothoff et al. 2005; Rocha et al. 2011) . However, there has been very little data specifically from populations of young adults where employability and employment rates are paramount.
We report that in Oxford, the unemployment rate amongst young adults with ESKD was higher than the equivalent UK average of those aged 16-24 years (40% vs. 14.4%) (UK-ONS 2015).
Similarly, in Denver young adults with ESKD had a much higher unemployment rate (59%) compared with the Colorado average (aged 16-24) of 16.7% (US-BLS 2012).
Surveyed perceptions of educational achievement were noticeably similar across matched quantitative cohorts. This may reflect the comparable educational structures and accompanying advanced development stages in education provision of the two cohort's countries. Both the United States and United Kingdom have a compulsory, majoritatively public-funded school system of primary schooling, commencing aged at either 3-4 or 4-5 years, respectively, each continuing to aged 11-12 years. This is followed by US and UK secondary 'highschool' education up until aged 18 and 16 years, respectively.
In the United Kingdom, high-school education can be extended to aged 18 years for pursuit of higher-level standardised qualifications, in many cases, to facilitate higher education access. Alternatively, between the ages of 16-18 or beyond, students may opt to complete vocational or apprenticeshipbased education, thereby also entering the workplace.
Nomenclature differs across the Atlantic. US compulsory agebased education progression is grouped into 'Grades', mirrored by UK 'Year Groups'. US children enter education at 'Prekindergarten' level, aged 3-4 years, progressing into 'Kindergarten' at 5-6 years. From here, yearly assessed progression moves students through Grades 1-12, from ages 6-7 years to 17-18, studying a broad range of final required subjects, conferring high school graduation, with completion of national standardised testing exercises, either through 'SAT' or 'ACT' scoring examinations. In the United Kingdom, children aged 4-5 commence 'Reception' year, entering Year 1, aged 5-6. From this point, students progress yearly, achieving compulsory 'GCSE' qualifications aged 16, in Year 11, with 'A-level' qualifications in chosen areas, obtained aged 18 years, in Year 13.
Optional higher education is accessible to those beyond the age of 18 years, namely through university colleges in the United States, with analogous UK university institutions. Here, undergraduate, post-graduate and doctoral degree qualifications can be worked towards, provided prospective students meet eligibility and entry criteria, often based upon prior school performance and are able to pay required fees, either through scholarship, loan provision or personal finance.
Generally, US university students incur significantly higher private tuition fees, in comparison to government subsidised UK institutions. In the UK cohort, a lower proportion (32% vs. 68%, p ¼ 0.22) reported high-school completion as their highest educational achievement, in comparison to the US cohort. This disparity could be influenced by lower UK university fees and earlier availability of alternative government-funded, vocational pathways, with UK high-school education only being compulsory to aged 16. This, in comparison to US counterparts, where educational choices, up until the age of 18 years, are often limited to compulsory school attendance, with far greater financial burden usually required to be taken on for a university college education.
Differences in social care and welfare systems between the two countries, may partly explain the higher unemployment rate in Denver. In the United Kingdom, immunosuppressive medications are state-funded through the NHS, with an annual patient payment contribution of £104 (%$155) (NHSBSA 2012) in England, when patients are not receiving state benefits. In USA centres, health care is provided through insurance plans with private or public companies. For those registered with Medicare (state-funded insurance providers), 80% of medication costs are covered for the first three years (Tanriover et al. 2013) . For patients registered with private insurance companies, these costs are covered indefinitely through insurance fees.
Medicare-registered patients must purchase 'secondary' insurance to cover the remaining 20% of costs but typically there is a 'deductible' (patient responsibility) or copay (for medications, office visits, etc.). Young patients therefore incur heavy costs, through varying degrees of mandatory insurance plans, combined with top-up payments for ongoing care.
Loss of USA state-insurance coverage when commencing employment, with a resultant inability to pay for medication has created established disincentives to employment (Markell et al. 1997; Tanriover et al. 2013; Tzvetanov et al. 2014) . This may explain why a significantly higher proportion of patients in Denver were receiving disability income, and only 41% of patients not studying were employed full or part-time. Moreover, 17% of Denver participants reported difficulties accessing medication or support from federal insurance services (Medicare). Our findings support US database research, of universally high rates of unemployment at the time of kidney transplantation and reduced potential to become employed post-transplantation (Tzvetanov et al. 2014) .
Though one interviewed participant independently stated, 'The biggest thing to look out for with jobs is the [availability of] Health Insurance', no participants explicitly expressed that loss of USA state-insurance coverage conferred a disincentive to engaging in employment. However, we did not specifically interrogate this issue with pre-prepared questioning. The presence of this phenomenon within literature (Markell et al. 1997; Tanriover et al. 2013; Tzvetanov et al. 2014) . means it would be essential to explore as part of any follow-up research, in order to understand and overcome any barriers inadvertently created by existing infrastructure.
In both centres, following transplantation, participants reported achieving and surpassing their goals across education and employment domains. Conversely, negative outcomes were repeatedly associated with dialysis. These differences emphasise the importance of establishing and maintaining transplant function (Watson 2000) . Themes presented with % score of overall occurrence within investigation. Determining significance from multiple mentions is subjective and thus, unreliable. Therefore, as with Oxford analysis (Murray et al. 2014) , each theme could only be counted once per interview. This enabled comparative analysis of occurrence per participant, accurately depicting summative impact. Quotes identified, isolated and presented similarly in Oxford data (Murray et al. 2014 ).
The need for additional support, resources and understanding is reported in many other chronic illness groups, particularly amongst young adults. Similar personal challenges to education and employment achievement in young adults have been shown to exist across a range of chronic conditions including Cystic Fibrosis (Burker et al. 2004; Labordet-Cast erot et al. 2012 ), Crohn's Disease (Ferguson et al. 1994; Goodhand et al. 2011) , Diabetes Mellitus (Lloyd et al. 1992; Maslow et al. 2011) , Rheumatoid Arthritis (Malviya et al. 2012) and Lupus Erythematosus (Jetha et al. 2014; Lawson et al. 2014) .
One qualitative study of ESKD's effects on young adults presented five major themes: inferiority, insecurity, injustice, resilience and adjustment mentality, as barriers to achievement (Tong et al. 2013) . Similarly, our qualitative narratives regularly included lost motivation, with lack of employer/peer understanding. Crucially, lack of employment opportunity and delayed educational attainment were frequently reported. These findings are consistent with previous studies of dialysis impact on quality of life, recorded in wider aged populations of adult patients (Blake et al. 2000; Kimmel et al. 2003) , as well as contemporary young-adult specific literature (Murray et al. 2014 ).
In the qualitative interviews, participants listed several perceived barriers and facilitators to progression in education and employment. Rich narratives emerged of how various factors inter-connect to obstruct and limit aspired achievement, with similar barriers reported in this study (Denver cohort) and in the previously published Oxford cohort (Murray et al. 2014) . These barriers were compounded by a widespread lack of education and awareness of ESKD amongst general and young persons populations.
Several key themes including loss of self-esteem and motivation, reduced mood and reduced engagement with renal care were present in ESKD narratives. These themes illustrate the devastating impact that unemployment or feelings of failure resulting from ESKD, and in particular dialysis, can have upon mental health and/or emotional stability and resilience.
LIMITATIONS
Studies of paediatric and young adult populations with ESKD are limited by scale, as this subgroup contributes to less than 5% of the adult ESKD population (Harden et al. 2012) . Consequently this study was limited by size, which was restricted further due to careful matching for comparative quantitative and qualitative components to provide a representative sample in each centre. As dedicated young adult ESKD services are currently at an early stage of development in most tertiary centres, a larger multicentre study would be difficult to achieve.
In both instances, sample sizes were naturally limited by participant availability. When recruiting within Denver, Oxford participation figures were targeted for similar engagement. In Denver, wider geographical distribution of patients meant we were unable to directly access as many patients within a limited study period.
It is important to be aware that surveillance of qualitative research outcomes demonstrates thematic patterns are firmly established with minimal deviation, in cohort samples of 12-14 subjects (Graneheim & Lundman 2004) . Thus, our qualitative samples are likely to accurately reflect the views of a young adult ESKD population.
IMPLICATIONS FOR PRACTICE
It is clear from the findings in this study that renal and transplant services in both the UK and USA need to explore new approaches to help support teenagers and young adults with ESKD to optimise educational and employment pathways.
First, centres should provide a direct dialogue between clinicians, educators and employers to provide the educator or employer with a better understanding of their employee's illness and resultant impact, particularly for those receiving dialysis. In addition, enhanced social worker support could be provided to assist patients in accessing education, employment, social benefits and housing, as appropriate.
Most young patients would benefit from facilitated peer interaction and support through a youth worker (Watson et al. 2011; Harden et al. 2012) , and selected individuals with low mood or other psychological problems would benefit from psychological assessment and treatment.
Youth worker interventions could include taking an active interest in supporting young patient job applications through group workshops, courses or 1:1 coaching, providing help/ advice if necessary and facilitating peer support to enable patients to share amongst themselves, their ideas and information related to education and employment success (Murray et al. 2014) . These solutions are attainable, requiring low financial investment, and have already brought positive change amongst trialed cohorts (Harden et al. 2012) .
Tackling the ESKD and dialysis-related issues, whilst developing public understanding could empower patients and thus support mental health and resilience in such patients.
This would reduce non-adherence to drug or renal replacement regimens, through maintenance of engagement and motivation, leading to improved graft and recipient survival. Our findings therefore strengthen strong, independent associations of graft and recipient survival with employment status posttransplant (Peterson et al. 2008 ).
There is significant scope for further research. The current body of evidence could be expanded and complemented by including evidence from other US and UK regions in larger multi-centre studies, as well as examining other countries and territories where further alternative models of health care and education provision exist for comparison.
CONCLUSION
This study documents the difficulties surrounding education and employment created by ESKD in matched UK and USA populations. Greater awareness of ESKD is required amongst educators and employers since young adults with ESKD would benefit from added support to help progression through education systems and to facilitate employment opportunities.
By understanding and addressing the obstacles young adults face, through dedicated peer and social support, with physician engagement, clinical and psychosocial outcomes from adherence, health and wellbeing overall, could be dramatically improved.
